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© Catalyst for purifying exhaust gas from diesei engines. 



® A catalyst for purifying exhaust gas from Diesel engines, having a catalyst component-carrying layer made 
of a refractory three-dimensional structure having carried thereon a catalyst component containing (a) a 
refractory inorganic oxide, (b) at least one noble metal selected from palladium and platinum, and (c) rhodium, 
wherein the rhodium is contained only in an upper layer portion of the catalyst component-carrying layer 
corresponding to no more than 80 % in thickness of the catalyst component-carrying layer. 
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The present invention relates to a catalyst for purifying exhaust gas from Diesel engines. 

Recently, fine particulate substances (composed mainly of fine particles of solid carbon and of sulfur 
based substances such as sulfates, fine particles of liquid or solid high molecular weight hydrocarbons, etc., 
hereafter genericaliy referred to as "fine particulate substances") in exhaust gases, particularly from Diesel 
s engines, have attracted attention from a point view of keeping environmental hygiene. This is because the 
fine particulate substances are mostly no greater than 1 micrometers in particle diameter and float in the air 
readily, resulting in that they can be taken up into human bodies by aspiration. Therefore, it is naturally 
expected that legal control on the discharge of such fine particulate substances from Diesel engines will 
hereafter become severer. 

w On the other hand, it is true that the amount of the fine particulate substances discharged from Diesel 
engines have been reduced to some extent according as the pressure of fuel injection in Diesel engines 
increased and the control of timing of fuel injection was improved. However, components soluble in organic 
solvents (SOF) contained in the fine particulate substances and composed mainly of liquid high molecular 
weight hydrocarbons cannot be removed by the aforementioned improvement of the engine, resulting in the 

75 increase in the proportion of SOF in the fine particulate substances. Since SOF contains harmful 
components such as carcinogenic substances, it has become an important problem to remove SOF as well 
as the fine particulate substances. 

As the method of removing the fine particulate substances, a method has been studied in which fine 
particulate substances in the exhaust gas from a Diesel engine are trapped with a catalyst having a catalytic 

20 substance for the combustion of carbon-based fine particles on a refractory three-dimensional structure 
such as ceramics foam, wire mesh, foamed metal, closed type ceramics honeycomb, open-flow-type 
ceramics honeycomb, or metal honeycomb, and the trapped fine particulate substances are heated by 
heating means such as exhaust gas produced under ordinary driving conditions or an electric heater to 
remove carbon-based fine particles by combustion. 

25 Generally, ft is desired that catalysts for purifying exhaust gas from Diesel engines have the following 
performances: 

(a) They have high efficiencies of burning harmful components such as unburned hydrocarbons and 
carbon monoxide as well as carbon-based fine particles even at low temperatures; 

(b) They have tow capabilities of oxidizing sulfur dioxide (SO2) generated by the sulfur component 
30 contained in gas oil used as a fuel into sulfur trioxide (SO3) so that the production of sulfates (sulfur 

trioxide or sulfuric acid mists derived from sulfur dioxide) can be suppressed, and 

(c) They can endure continuous operation under high loads (so-called high-temperature durability). 
Hitherto, various proposals have been made with view to increasing the efficiency of burning and 

removing carbon-based fine particles. 

35 For example, Japanese Patent Publication Laid-open No. 24597/1980 discloses platinum family 
element-based catalysts such as rhodium (7.5%)/p!atinum alloy, platinum/palladium (50/50) mixture, pal- 
ladium on tantalum oxide or cerium oxide, alloys of palladium and no more than 75% by weight of platinum, 
etc. Reportedly, these catalysts are also effective for removing SOF. 

In addition thereto, Japanese Patent Publication Laid-Open Nos. 129030/1986, 149222/1986, and 

40 146314/1986 disclose catalyst compositions containing palladium and rhodium as main active components 
to which are added alkali metals, alkaline earth metals, copper, lanthanum, zinc, manganese, etc. Japanese 
Patent Publication Laid-Open No. 82944/1984 discloses catalyst compositions composed of at least one 
metal selected from copper, alkali metals, molybdenum and vanadium, and at least one metal selected from 
platinum, rhodium and palladium, in combination. 

45 As the catalyst for removing SOF in exhaust gas from Diesel engines, an open-type honeycomb noble 
metal-based oxide catalyst having throughholes parallel to the gas flow has been reported (cf. SAE Paper. 
81 0263). 

However, while all the aforementioned conventional catalysts are effective for the combustion and 
removal of carbon-based fine particles and the removal of SOF to some extent, they have defects that 
so because of their high capability of oxidizing sulfur dioxide they increase the amount of sulfates produced to 
rather decrease the removal ratio of the entire fine particulate substances, and that new problems on 
environment arise because of th resulting sulfates. 

As described above, no catalyst has been found yet that has the performances (a), (b) and (c) required 
for the catalysts for purifying exhaust gas from Diesel engines and the performance of removing SOF 
55 simultaneously. 

Accordingly, an object of the present invention is to provide a catalyst for purifying exhaust gas from 
Diesel engines which can efficiently remov fine particulate substances in exhaust gas from Diesel engines. 
Another object of the present invention is to provide a catalyst for purifying exhaust gas from Diesel 
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engines which has a capability of burning harmful components such as unburned hydrocarbons and carbon 
monoxide as well as carbon-based fine particles even at low temperatures, and which has a low capability 
of oxidizing sulfur dioxide to suppress the production of sulfates. 

Still another object of the present invention is to provide a catalyst for purifying exhaust gas from Diesel 
s engines which can efficiently remove SOF In exhaust gas in Diesel engines. 

Yet another object of the present invention is to provide a catalyst for purifying exhaust gas from Diesel 
engines which has a good high-temperature durability and can be mounted in Diesel cars without raising 
problems from practical viewpoint. 

As a result of intensive investigations, the present inventors have found that a catalyst having a catalyst 
io component-carrying layer made of a refractory three-dimensional structure having carried thereon a catalyst 
component containing (a) a refractory inorganic oxide, (b) palladium and/or platinum, and (c) rhodium in 
which the rhodium is contained selectively in an upper layer portion of the catafyst component-carrying 
layer is suitable for the above-described objects. " 

Therefore, according to the present invention, there is provided a catalyst for purifying exhaust gas from 
75 Diesel engines, having a catalyst component-carrying layer made of a refractory three-dimensional structure 
having carried thereon a catalyst component containing (a) a refractory inorganic oxide, (b) at least one 
noble metal selected from palladium and platinum, and (c) rhodium, wherein said rhodium is contained only 
in an upper layer portion of said catalyst component-carrying layer corresponding to no more than 80 % in 
thickness of the catalyst component-carrying layer. 
20 As the refractory inorganic oxide (a), there can be used activated aiumina, silica, titania, zirconia, silica- 
alumina, alumina-zirconia, alumina-titania, silica titania, silica-zirconia, titania-zirconia, zeolite, etc. Of these, 
there can be cited zirconia as the most suitable one that suppresses the production of sulfates and has a 
high selective oxidizability. 

As the starting material for the platinum (b), there can be cited chloroplatinic acid, 
25 dinitrodiaminoplatinum, platinum tetramine chloride, platinum sulfide complex salts, etc. The starting 
material for the palladium (b) include palladium nitrate, palladium chloride, palladium tetramine chloride, 
palladium sulfide complex salts. 

As the starting material for the rhodium (c), there can be cited rhodium nitrate, hexaamminerhodium 
chloride, rhodium sulfide complex saits, etc. 
30 As the refractory three-dimensional structure, there can be used ceramics foams, open-flow-type 
ceramics honeycombs, wall-flow-type honeycomb monolith, open-flow-type metal honeycombs, foamed 
metals or metal meshes, etc. In particular, when exhaust gas from Diesel engines contains no more than 
100 mg/m 3 of fine particulate substances and the content of SOF in the fine particulate substances is no 
less than 20 % f open-flow-type ceramics honeycombs or metal honeycombs are used advantageously as 
35 the refractory three-dimensional structure. 

The catalyst of the present invention is characterized by having the aforementioned refractory three- 
dimensional structure which carries thereon the above-described catalyst components (a), (b) and (c), and 
contains rhodium only in an upper layer portion of the catalyst component-carrying layer, the upper layer 
portion corresponding to no more than 80% in thickness of the catalyst component-carrying layer. That is, 
40 in the catalyst of the present invention, rhodium is contained only in the upper layer portion of the catalyst 
component-carrying layer extending from the surface of the catalyst component-carrying layer in a direction 
of the thickness thereof, and corresponding to a region from above 0 % up to 80 %, in thickness of the 
catalyst component-carrying layer. 

The method of making rhodium to be contained only in the upper layer portion of the catalyst 
45 component-carrying layer is not limited particularly, and the following method can be cited as an example. 

That is, a catalyst component containing the refractory inorganic oxide (a) and the platinum and/or 
palladium (b) is applied to the refractory three-dimensional structure so as to be earned thereon to form a 
first layer, an then a catalyst component containing the refractory inorganic oxide (a) and the rhodium (c) is 
applied on the first layer to form a second layer to thereby form a catalyst component-carrying layer 
so containing the rhodium (c) only in the second layer as the upper layer. 

The second layer may further contain the platinum and/or palladium (b). However, the construction in 
which the first and second layers contain selectively th platinum and/or palladium (b) and the rhodium (c), 
respectively is more effective than the aforementioned construction as the form of using the noble metal. 
The catalyst of th present invention may contain at least one elem nt selected from rare earth 
55 elements such as lanthanum, cerium, praseodymium, neodymium and samarium in addition to the 
refractory inorganic oxide (a), the palladium and/or platinum (b). and the rhodium (c). 

In th catalyst of the present invention, the amounts of the refractory inorganic oxide (a), the palladium 
and/or platinum (b). and the rhodium (c) which constitute th catalyst compon nt-carrying layer preferably 
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are within the ranges of 3 to 300 g, larger than 0 and no larger than 6 g preferably 0.01 to 6 g larger than 0 
and no larger than 6 g preferably 0.01 to 6 g, and 0.01 to 1 g. respectively, each per liter of the refractory 
three-dimensional structure. y 

It is preferred that the amount of the afore-mentioned rare earth element added as required is within the 
5 range of 1 to 50 g per liter of the refractory three-dimensional structure. 

As described above, in the catalyst of the present invention, the rhodium (c) must be contained as the 
essential component, and the upper layer portion containing the rhodium (c) occupies at most 80 % of total 
thickness of the catalyst component-carrying layer. When the catalyst contains no rhodium (c), or if the 
catalyst contains rt, when the upper layer portion containing it occupies above 80 % of total thickness of the 
w catalyst component-carrying layer, the catalyst has a low capability of removing fine particulate substances 
thus failing to achieve the objects of the present invention. 

There is no limitation on the method of prjeparing the catalyst of the present invention and specific 
examples thereof include the following methods. 

(1) Powder of a refractory inorganic oxide is wet-ground to obtain slurry. A refractory three-dimensional 
75 structure is dipped in the slurry. After the removal of excessive slurry, the refractory three-dimensional is 

dried at 80 to 250 C, and then calcined at 300 to 850° C. 

Next, the refractory three-dimensional structure is dipped in an aqueous solution containing a predeter- 
mined amount of a rhodium compound. After having absorbed and carried the rhodium compound thereon 
excessive solution is removed from the refractory three-dimensional structure, which is dried at 80 to 250* C 
20 and then calcined at 300 to 850* C. 

Finally, the refractory three-dimensional structure is dipped in an aqueous solution containing predeter- 
mined amounts of compounds of platinum and/or palladium, and after the removal of excessive solution the 
refractory three-dimensional structure is dried at 80 to 250* C and then calcined at 300 to 850* C to obtain 
the objective catalyst. 

(2) A refractory three-dimensional structure is dipped in a slurry containing compounds of platinum 
and/or palladium and a refractory inorganic oxide. After the removal of excessive slurry, the refractory three- 
d.mensional structure is dried at 80 to 250* C and calcined at 300 to 800* C to form a first layer. 

Then, the refractory three-dimensional structure having formed thereon the aforementioned first layer is 
dipped m a slurry containing a rhodium compound and a refractory inorganic oxide. After the removal of 
excessive slurry, the refractory three-dimensional structure is dried at 80 to 250* C and then calcined at 300 
to 850 C to form a second layer to obtain the objective catalyst 

The catalyst of the present invention has a high capability of burning and removing harmful components 
such as unbumed hydrocarbons and carbon monoxide as well as carbon-based fine particles even at low 
temperatures, and in addition has a low capability of oxidizing sulfur dioxide to suppress the production of 
35 sulfates. Therefore, the catalyst of the present invention is excellent in the reduction of the fine particulate 
substances in exhaust gas from Diesel engines, and the use of the catalyst of the present invention results 
in efficient purification of exhaust gas from Diesel engines. 

The catalyst of the present invention is also excellent in the capability of removing SOF and is effective 
for purifying exhaust gas from Diesel engines. 
4o Since it has a good high-temperature durability, the catalyst of the present invention can be mounted in 
Diesel cars without raising problems from practical viewpoint 

As described above the catalyst of the present invention is useful as a catalyst for purifying exhaust gas 
from Diesel Engines. a 

Hereafter, the present invention will be explained concretely by way of examples. 
45 The distribution of rhodium in the catalyst component-carrying layer was measured using EPMA 
(Electron Probe Microanalyzer manufactured by Shimazu Seisakusho Co., Ltd.). 

Example 1 

so Alumina (1 kg) having a specific surface area of 90 m 2 /g was introduced in an aqueous solution of 
palladium nitrate containing 12.5g of palladium (hereafter, expressed as w t2.5g of palladium nitrate 
(calculated as palladium)-) dissolved in deionized water. After b ing stirred well, the mixture was dried at 
1 50 C for 3 hours, and th n calcined at 500* C for 2 hours to obtain alumina palladium powder. 

The powder (1 kg) was wet-ground to form a slurry. In the slurry was dipped a cylindrical cordierite 

55 honeycomb carrier of 5.66 inch in diameter X 6.00 inch in length having about 300 cells/in 2 of cross- 
sectional area of ppen-flow-type gas communication cells. Aft r th removal of excessive slurry, the carrier 
was dried at 150 C for 2 hours and then calcined at 500* C for 1 hour to obtain a structure having carried 
thereon 81 g, p r liter of th structure, of the alumina-palladium powder. 
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Next, alumina (1 kg) having a specific surface area of 90 mP/g was introduced in an aqueous solution of 
5 g of rhodium nitrate (calculated as rhodium) dissolved In deionized water. After being stirred well, the 
mixture was dried at 150* C for 3 hours, and then calcined at 500° C for 2 hours to obtain alumina-rhodium 
powder. The alumina-rhodium powder (1 kg) was wet-ground to form a slurry. In the slurry was dipped the 

5 aforementioned aiumina-paliadium-carrying structure. After the removal of excessive slurry, the carrier was 
dried at 150*C for 3 hours and then calcined at 500 °C for 1 hour to obtain a catalyst having carried 
thereon 20.1 g, per liter of the structure, of the alumina-rhodium powder. 

The resulting catalyst carried thereon alumina, palladium and rhodium in amounts of 100 g, 1 g and 0.1 
g, respectively, per liter of the structure. 

io Rhodium was contained only in the upper layer portion corresponding to 30 % in thickness of the 
catalyst component-carrying layer. 

Example 2 

is Alumina (1 kg) having a specific surface area of 1 50 m 2 /g was introduced in an aqueous solution of 20 g 
of dtnttrodiaminoplatinum (calculated as platinum) dissolved in deionized water. After being stirred well, the 
mixture was dried at 150* C for 3 hours, and then calcined at 500* C for 2 hours to obtain alumina-platinum 
powder. 

The resulting powder (1 kg) was wet-ground to form a slurry. In the slurry was dipped the same 
20 cordierite honeycomb carrier as used in Example 1. After the removal of excessive slurry, the carrier was 

dried at 150*C for 2 hours and then calcined at 500 °C for 1 hour to obtain a structure having carried 

thereon 51 g, per liter of the structure, of the alumina-platinum powder. 

Next, alumina (1 kg) having a specific surface area of 90 m 2 /g was introduced in an aqueous solution of 

10 g of rhodium nitrate (calculated as rhodium) dissolved in deionized water. After being stirred well, the 
25 mixture was dried at 150* C for 3 hours, and then calcined at 500° C for 2 hours to obtain aluminaniiodium 

powder. The alumina-rhodium powder (1 kg) was wet-ground to form a slurry. In the slurry was dipped the 

afore-mentioned alumina-platinum-carrying structure. After the removal of excessive slurry, the carrier was 

dried at 150* C for 3 hours and then calcined at 500 *C for 1 hour to obtain a catalyst having carri d 

thereon 50.5 g, per liter of the structure, of the alumina-platinum powder. 
30 The resulting catalyst carried thereon alumina, platinum and rhodium in amounts of 100 g, 1 g and 0.5 

g, respectively, per liter of the structure. 

Rhodium was contained only in the upper layer portion corresponding to 60% in thickness of the 

catalyst component-carrying layer. 

35 Example 3 

Alumina (1 kg) having a specific surface area of 150 m 2 /g was introduced in an aqueous solution of 16.7 
g of palladium nitrate (calculated as palladium) and 8.3 g of chloroplatinic acid (calculated as platinum) 
dissolved in deionized water. After being stirred well, the mixture was dried at 150* C for 3 hours, and then 
40 calcined at 750 ° C for 1 hour to obtain alumina-palladium-platinum powder. 

The resulting powder (1 kg) was wet-ground to form a slurry. In the slurry was dipped the same 
cordierite honeycomb carrier as used in Example 1. After the removal of excessive slurry , the carrier was 
dried at 150*C for 2 hours and then calcined at 500* C for 1 hour to obtain a structure having earned 
thereon 62 g, per liter of the structure, of the alumina-palladium-platinum powder. 
4S Next, alumina (1 kg) having a specific surface area of 120 m 2 /g was introduced in an aqueous solution 

of 12.5 g of hexaamminerhodium chloride (calculated as rhodium) dissolved in deionized water. After being 
stirred well, the mixture was dried at 180* C for 3 hours, and then calcined at 500 *C for 1 hour to obtain 
alumina-rhodium powder. The alumina-rhodium powder (1 kg) was wet-ground to form a slurry. In the slurry 
was dipped the aforementioned aiumina-palladium-platinum-carrying structure. After the removal of exces- 
ses sive slurry, the carrier was dried at 150* C for 2 hours and then calcined at 500* C for 1 hour to obtain a 
catalyst having carried thereon 40.5 g, per liter of the structure, of the alumina-rhodium powder. 

The resulting catalyst carried thereon alumina, palladium, platinum and rhodium in amounts of 100 g, 1 
g, 0.5 g and 0.5 g. respectively, per liter of the structur . 

Rhodium was contained only in the upper layer portion corresponding to 50 % in thickness of the 
55 catalyst component-carrying layer. 

Example 4 
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Zirconia (1 kg) having a specific surface area of 80 m 2 /g was introduced in an aqueous solution of 20 g 
of palladium nitrate (calculated as palladium) dissolved in deionized water. After being stirred well, the 
mixture was dried at 150* C for 6 hours, and then calcined at 700° C for 1 hour to obtain zirconia-palladium 
powder. 

5 The resulting powder (1 kg) was wet-ground to form a slurry. In the slurry was dipped the same 
cordierite honeycomb carrier as used in Example 1. After the removal of excessive slurry, the carrier was 
dried at 150*C for 3 hours and then calcined at 500 °C for 1 hour to obtain a structure having carried 
thereon 51 g, per liter of the structure, of the zirconia-palladium powder. 

Next, zirconia (1 kg) having a specific surface area of 80 rr^/g was introduced in an aqueous solution of 

70 20 g of rhodium nitrate (calculated as rhodium) dissolved in deinonized water. After being stirred well, the 
mixture was dried at 150* C for 3 hours, and then calcined at 500° C for 1 hour to obtain zirconia-rhodium 
powder. 

The zirconia-rhodium powder was wet-ground to form a slurry. In the slurry was dipped the afore- 
mentioned zirconia-rhodium-carrying structure. After the removal of excessive slurry, the carrier was dried at 
rs 180" C for 2 hours and then calcined at 700* C for 2 hours to obtain a catalyst having carried thereon 5.1 g, 
per liter of the structure, of the zirconia-rhodium powder. 

The resulting catalyst carried thereon zirconia, palladium and rhodium in amounts of 55 g, 1 g and 0.1 
g, respectively, per liter of the structure. 

Rhodium was contained only in the upper layer portion corresponding to 20 % in thickness of the 
20 catalyst component-carrying layer. 

Example 5 

Zirconia (1 kg) having a specific surface area of 60 m 2 /g was introduced in an aqueous solution of 25 g 
25 of palladium chloride (calculated as palladium) and 165 g of praseodymium nitrate dissolved in deionized 
water. After being stirred well, the mixture was dried at 150* C for 6 hours, and then calcined at 500* C for 2 
hours to obtain zirconia-palladium-praseodymium oxide powder. 

The resulting powder (1 kg) was wet-ground to form a slurry. In the slurry was dipped a cylindrical 
stainless steel honeycomb carrier of 5.66 inch in diameter x 6.0 inch in length having about 300 cells/in 2 of 
30 cross-sectional area of open-flow-type gas communication cells. After the removal of excessive slurry, the 
carrier was dried at 180* C for 2 hours and then calcined at 650* C for 3 hours to obtain a structure having 
carried thereon 87 g, per liter of the structure, of the zirconia-palladium-praseodymium oxide powder. 

Next, zirconia (1 kg) having a specific surface area of 90 m 2 /g was introduced in an aqueous solution of 
5 g of rhodium nitrate (calculated as rhodium) dissolved in deionized water. After being stirred well, the 
35 mixture was dried at 150* C for 3 hours, and then calcined at 500* C for 2 hours to obtain zirconia-rhodium 
powder. 

The resulting powder (1 kg) was wet-ground to form a slurry. In the slurry was dipped the afore- 
mentioned zirconia-palladium-praseodymium oxide-carrying structure. After the removal of excessive slurry, 
the carrier was dried at 150* C for 6 hours and then calcined at 400* C for 1 hour to obtain a catalyst having 
40 carried thereon 20.1 g, per liter of the structure, of the zirconia-rhodium powder. 

The resulting catalyst carried thereon zirconia, palladium, rhodium and praseodymium oxide in amounts 
of 100 g, 2 g, 0.1 g and 5 g, respectively, per liter of the structure. 

Rhodium was contained only in the upper layer portion corresponding to 30% in thickness of th 
catalyst component-carrying layer. 

45 

Example 6 

Alumina (1 kg) having a specific surface area of 150 m 2 /g was introduced in an aqueous solution of 20 g 
of dinitrodiaminoplatlnum (calculated as platinum) and 1,510 g of cerium nitrate dissolved in deionized 
so water. After being stirred well, the mixture was dried at 150* C for 6 hours, and then calcined at 500* C for 2 
hours to obtain alumina-platinum-ceria powder. 

The powder (1 kg) was wet-ground to form a slurry. In the slurry was dipped a cylindrical cordierite 
honeycomb carrier of 5.66 inch in diameter X 6.00 inch in length having about 200 cells/in 2 of cross- 
sectional area of op n-flow-type gas communication cells. After the removal of xcessive slurry, th carrier 
55 as dried at 150* C for 3 hours and then calcined at 400* C for 2 hours to obtain a structure having carried 
thereon 81 g, per liter of th structur , of the alumina-platinum-ceria powder. 

Next, alumina (1 kg) having a specific surface area of 150 m 2 /g was introduced in an aqueous solution 
of 5 g of rhodium nitrate (calculated as rhodium) and 266 g of lanthanum nitrate dissolv d in deionized 
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water. After being stirred well, the mixture was dried at 150* C for 3 hours, and then calcined at 500* C for 1 
hour to obtain alumina-rhodium-lanthanum oxide powder. 

The alumina-rhodium powder (1 kg) was wet-ground to form a slurry. In the slurry was dipped the 
aforementioned alumina-platinum-ceria-carrying structure. After the removal of excessive slurry, the carrier 
s was dried at 150° C for 3 hours and then calcined at 600° C for 1 hour to obtain a catalyst having carried 
thereon 1 10.5 g, per liter of the structure, of the alumina-rhodium-lanthanum oxide powder. 

The resulting catalyst carried thereon alumina, platinum, rhodium, ceria and* lanthanum oxide in 
amounts of 150 g, 1. g, 0.5 g, 30~ g and 10 g, respectively, per liter of the structure. 

Rhodium was contained only in the upper iayer portion corresponding to 70 % in thickness of the 
io catalyst component-carrying iayer. 

Example 7 

. -- ■ 

Silica (1 kg) having a specific surface area of 55 m 2 /g was introduced in an aqueous solution of 20 g of 
is palladium nitrate (calculated as palladium) and 6 g of chloroplatinic acid (calculated as platinum) dissolved 
in deionized water. After being stirred well, the mixture was dried at 150* C for 3 hours, and then calcined at 
600* C for 2 hours to obtain silica-palladium-platinum powder. 

The resulting powder (1 kg) was wet-ground to form a slurry. In the slurry was dipped the same 
cordierite honeycomb carrier as used in Example 5. After the removal of excessive slurry, the carrier was 
20 dried at 150* C for 3 hours and then calcined at 500 *C for 1 hour to obtain a structure having carried 
thereon 51.3 g, per liter of the structure, of the silica-palladium-platinum powder. 

Next, titania (1 kg) having a specific surface area of 65 m 2 /g was introduced in an aqueous solution of 
50 g of rhodium nitrate (calculated as rhodium) dissolved in deionized water. After being stirred well, the 
mixture was dried at 150*C for 3 hours, and then calcined at 400 *C for 1 hour to obtain titania-rhocfiuro 
25 powder. 

The resulting powder (1 kg) was wet-ground to form a slurry. In the slurry was dipped the afore- 
mentioned silica-pal ladium-platinum-carrying structure. After the removal of excessive slurry, the carrier was 
dried at 150*0 for 3 hours and then calcined at 500 *C for 1 hour to obtain a catalyst having carried 
thereon 10.5 g, per liter of the structure, of the titan ia-rhodi urn powder. 
30 The resulting catalyst carried thereon silica, titania, palladium, platinum and rhodium in amounts of 50 g, 
10 g, 1 g, 0.3 g and 0.5 g, respectively, per liter of the structure. 

Rhodium was contained only in the upper layer portion corresponding to 25 % in thickness of the 
catalyst component-carrying layer. 

35 Example 8 

Alumina (1 kg) having a specific surface area of 150 m 2 /g was introduced in an aqueous solution of 25 g 
of palladium sulfide complex salt (calculated as palladium) and 12.5 g of platinum sulfide complex salt 
(calculated as platinum) dissolved in deionized water. After being stirred well, the mixture was dried at 

40 150* C for 3 hours, and then calcined at 800* C for 5 hours to obtain aiumina-palladium-piatinum powder. 

The resulting powder (1 kg) was wet-ground to form a slurry. In the slurry was dipped the same 
cordierite honeycomb carrier as used in Example 1 . After the removal of excessive slurry, the carrier was 
dried at 150* C for 6 hours and then calcined at 500* C for 1 hour to obtain a structure having carried 
thereon 41 .5 g, per liter of the structure, of the alumina-palladium-platinum powder. 

45 Next, zirconia (1 kg) having a specific surface area of 40 m 2 /g was introduced in an aqueous solution of 
8.3 g dinitrodiaminoplatinum (calculated as platinum) and 8.3 g of rhodium nitrate (calculated as rhodium) 
dissolved in deionized water. After being stirred well, the mixture was dried at 150* C for 6 hours, and then 
calcined at 750* C f or 4 hours to obtain zirconia-platinum-rhodium powder. 

The resulting powder (1 kg) was wet-ground to form a slurry. In the slurry was dipped the afore* 

so mentioned alumina-palladium-plafmum-carrying structure. After the removal of excessive slurry, the carrier 
was dried at 150* C for 3 hours and then calcined at 400* C for 2 hours to obtain a catalyst having carried 
thereon 61 .0 g, per liter of the structure, of the zirconia-palladium-platinum powder. 

The resulting catalyst carried thereon alumina, zirconia, palladium, platinum and rhodium in amounts of 
40 g. 60 g. 1 g, 1 g and 0.5 g, respectively, per liter of the structure. 

55 Rhodium was contained only in the upper layer portion corresponding to 70 % in thickness of th8 
catalyst component-carrying layer. 

Example 9 
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One kg of alumina having a specific surface area of 150 m 2 /g was weighed and wet-ground with water 
to form a slurry. In the slurry was dipped a cylindrical cordierite honeycomb carrier of 5.66 inch in diameter 
X 6.00 inch in length having about 400 cells/in 2 of cross-sectional area of open-flow-type gas communica- 
tion cells. After the removal of excessive slurry, the carrier was dried at 150 *C for 3 hours and then 
5 calcined at 500 C for 1 hour to obtain a structure having carried thereon the alumina powder. 

The structure was dipped in 2.5 liters of an aqueous rhodium nitrate solution containing 0 4 g of 
rhodium at 80 C to adsorb rhodium thereon. After the removal of excessive solution, the structure was 
dned at 150 C for 3 hours, and then calcined at 700° C for 1 hour to have rhodium carried on the 
aforementioned alumina-carrying structure. 
10 Next, the above-described alumina-rhodium-carrying structure was dipped in 2.5 liters of an aqueous 
solution of 3.8 g of chloroplatinic acid (calculated as platinum) and 38.5 g of palladium chloride (calculated 
as palladium) dissolved in deionized water. After-the removal of excessive solution, the structure was dried 
at 150 C for 3 hours, and then calcined at 500° C for 2 hours to obtain a catalyst. 

The resulting catalyst carried thereon alumina, palladium, platinum and rhodium in amounts of 55 g, 2 
is g, 0.2 g and 0.2 g, respectively, per liter of the structure. 

Rhodium was contained only in the upper layer portion corresponding to 20 % in thickness of the 
catalyst component-carrying layer. 
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Example 10 



A catalyst was obtained in the same manner as in Example 4 except that instead of the cordierite 
honeycomb earner, a cylindrical cordierite ceramics foam of 5.66 inch in diameter X 6.00 inch in length 
having about 12 cells/In of cells formed of ceramics skeleton and having a void ratio of about 90 % was 
used. 

The resulting catalyst carried thereon zirconia, palladium and rhodium in amounts of 55 g, 1 g and 0 1 
g, respectively, per liter of the structure. 

Rhodium was contained only in the upper layer portion corresponding to 20 % in thickness of the 
catalyst component-carrying layer. 

30 Comparative Example 1 

Alumina (1 kg) having a specific surface area of 150 m 2 /g was introduced In an aqueous solution of 10 g 
of pafladium nitrate (calculated as palladium) dissolved in deionized water. After being stirred well, the 
mixture was dried at 150* C for 3 hours, and then calcined at 500* C for 1 hour to obtain alumina-palladium 
35 powder. 

The resulting powder (1 kg) was wet-ground to form a slurry. In the slurry was dipped the same 
cordiente honeycomb carrier as used in Example 1. After the removal of excessive slurry, the carrier was 
dned at 150 C for 3 hours and then calcined at 500* C for 1 hour to obtain a catalyst 

The resulting catalyst carried thereon alumina and palladium in amounts of 100 g and 1 g, respectively 
40 • per liter of the structure. 

Comparative Example 2 

A catalyst was obtained in the same manner as in Comparative Example 1 except that 
dinitroaminoplatinum was used instead of palladium nitrate. v 

The resulting catalyst carried thereon alumina and platinum in amounts of 100 g and 1 q, respectively 
per liter of the structure. 

Comparative Example 3 

Alumina (1 kg) having a specific surface area of 150 nrVg was introduced In an aqueous solution of 10 g 
of palladium nitrate (calculated as palladium) and 10 g of chloroplatinic acid (calculated as platinum) 
dissolved in deionized water. Aft r being stirred well, the mixture was dri d at 150 # C for 3 hours, and then 
calcined at 750 C for 1 hour to obtain alumina-palladium-platinum powder. 

Subsequently, a catalyst was obtained in the same manner as in Comparative Example 1. 
The resulting catalyst carried thereon alumina, pafladium and platinum in amounts of 100 g, 1 g and 1 
g. respectively, per liter of the structure. ' 
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Comparative Example 4 

Alumina (1 kg) having a specific surface area of 90 m 2 /g was introduced in an aqueous solution of 10 g 
of palladium nitrate (calculated as palladium) and 0.1 g of rhodium nitrate (calculated as rhodium) dissolved 
5 deionized water. After being stirred well, the mixture was dried at 150° C for 3 hours, and then calcined at 
500* C for 2 hours to obtain alumina-palladium-rhodium powder. 

Subsequently, a catalyst was obtained in the same manner as in Comparative Example 1. 

The resulting catalyst carried thereon alumina, palladium and rhodium in amounts of 100 g, 1 g and 0.1 
g, respectively, per liter of the structure. 

10 

Comparative Example 5 

Alumina (1 kg) having a specific surface area of 150 m 2 /g was introduced in an aqueous solution of 10 g 
of dinitrodiaminoplatinurn (calculated as platinum) and 5 g of rhodium nitrate (calculated as rhodium) 
75 dissolved in deionized water. After being stirred well, the mixture was dried at 150* C for 3 hours, and then 
calcined at 500* C for 1 hour to obtain alumina-platinum-rhodium powder. 

Subsequently, a catalyst was obtained in the same manner as in Comparative Example 1. 

The resulting catalyst carried thereon alumina, platinum and rhodium in amounts of 100 g, 1 g and 0.5 
g, respectively, per liter of the structure. 

20 

Comparative Example 6 

Alumina (1 kg) having a specific surface area of 150 m 2 /g was introduced in an aqueous solution of 10 g 
of palladium nitrate (calculated as palladium), 5 g of chloroplatinic acid (calculated as platinum) and 5 g of 
25 hexaamminerhodium chloride (calculated as rhodium) dissolved in deionized water. After being stirred well, 
the mixture was dried at 150* C for 3 hours, and then calcined at 750* C for 1 hour to obtain alumina- 
palladium-platinum-rhodium powder. 

Subsequently, a catalyst was obtained in the same manner as in Comparative Example 1. 

The resulting catalyst carried thereon alumina, palladium, platinum and rhodium in amounts of 100 g, 1 
30 g, 0.5 g and 0.5 g, respectively, per liter of the structure. 

Table 1 shows the amounts of the respective components and the proportions of the thickness of the 
upper layer portion in which rhodium was contained to the thickness of the catalyst component-carrying 
layer for the respective catalysts obtained in Examples 1 to 11 and Comparative Examples 1 to 6. 

-35 



45 



50 



9 



EP 0 462 593 A1 



c * 

O CO 

■H CD 

-P <D 

u c — 
ao 

O •H 

u x: 



>l 01 

M CQ) 

O I O U 

O <D to -U 

<d u c u 

M £ <!) 3 

<W E-i & U 

0* O CO 















C 


O <D 






—I 




O r-| U 


id . 




\ U 


c 






0 4J 




— o 








-U 0) 






E 






*U 0) 




no 






c 









E 

-f~l . — 
o — 



4-> *W 5-1 

C O Q> 
3 —I 
Or-4 5-4 









c 


o <u 










O r-C J-l 


JQ 




\ 5-4 


0) w 




Cn cd 






— o 


Xl *H 






O <d 












0) 




c 






t*5 



M U ~ 

-a c ~ 

o «d 

«d tr> a) 

$-» m *o 

*w 0 -h 
Sex 



5-1 
0) 



c o 

O r-t 5-4 

e\ n 

— o 



c 



c • 

& o 
ex: 2: 



o 


o 


CO 


VJD 




jQ 


to £ 


to 6 


o o 


o o 






E >, 




<d a) 


<d a> 




M C 


a> o 






«S5 



o 
in 



o 

CM 



o 

en 



o 







X> 




Xk 


JQ 


w e 


0) 


a 




w E 




O O 


o 


o 


o 


a o 


I 






o 


o 


Tj| O 


o 


E >t 




>1 


r-J >» 


E >t 


r-l >1 


id <u 


<d 


0) 


cd © 


cd <D 


<d cd 


M c 


u 


c 


4J a 


»-< C 


4-> C 


a) o 




o 


<D o 


<D O 


<D O 


a x: 


8 


x: 


2 x: 


a xj 


23 x: 



co E 
o o 

•H U 
E >f 

*d o 

Vi c 

0) o 

a x: 









o 


















1 


t 


in 




t 


1 








o 






















f-i 












i— 1 


\ m 






1 


l 


O 


oo 




1 






U3 


O CM 








*-| 


<D cd 










CU 


o ^ 






tn 


i 


i-i 


in 


in 


in 


o 


o 


o 


o 


o 


o 


in 












■ 








• 




o 

\ 








o 




— I 




CM 






\ 



«T3 



04 



T3 

a* 





o 


o 


in 


o 


o 


o 


m 










ro 


CO 


en 




O 


O 


o 


CM 


CM 


CM 


CM 


O 


w-i 


r-l 


•H 


5-1 


*C 


<c 


< 






CM 


en 




X 


X 






w 


W 


W 





4-> 



O 

in 



4J 

cu 



o 
in 



CU 

\ 
cu 



o 



o 



CM 

o 
u 



in 



m 
O 

CM 



CM CM O CM 

O O cmD 

-H — I* rH t-l 

CO E-* < N 



10 



EP 0 462 593 A1 



10 



CP u 

-h >, 
C CO 



n3 

-P 
C 

o 
o 



75 



20 



25 



30 



35 



AO 



c 
a 



M 4J 

o c 
a a> 
c 
u o 

m o 

rH o 

VI 4-» 
0) CO 

an 
3 id 
jj 
<d (o 
x: o 
-p 

a) 

o -P 

CO U4 

io o 

C CO 

^ CO 

O <D 

-I c 

■c^ 

4J O 
-•H 
CD jC 
-C Jp 

-P 

<D 
O -U 

5 ° 

O -P 

4J g 
>-» ^ 

O -- c 

o o 
u xz 
a* u 



45 



50 



CD 
D 

■H C 

a? 4J 

x> o 



c * 

O co 

CO 

-P a) 

cu o o — 

o -»-* 

>n x: 



>i cd 

U C CD 
O I O J-i 

a a> co 4J 
w c u 

M-l En g 

CD -HT -P 

a: o to 











-P 






c 


O (D 




S3 






O r-H U 


<d 




\ U 


c 




D» <d 


O -P 












-P CD 






g 










<o 






C 


< W 



















g 
o — 

XL 



Xt 

CD — 

SI H 
O «J 

CD 
S 



-P M-l M 
C O <D 

5 ■*« 

OH ^ 
g\ U 



-P U-C Vi 

C O CD 
a ^| 

O H L| 

g \ V* 

< as 



o — 

c ^ 
id 

tr» cd 

O *H 
_ C X 
Pi H O 



J-I 
o 

o 

u 

<D 



fat: 



-p «w u 

C O CD 
D -H 
OH U 
g\ ^ 

rf! tn rd 



c 



o 

OJ 



cm 
o 



•P 



in 
in 



O 

CM 



o 

CM 



J3 




CO g 


w 


o o 


o 


•H O 




g >i 


• g 


ctf CD 


<tf g 


n c 


U rd 


CD O 


CD O 


O JC 







X) 


XX 


JO 


CO E 


to g 


« e 


to g 


O O 


o o 


o o 


o o 


-H o 




•H O 


-H O 


£ >n 


g >l 


B >i 


g >l 


(0 CD 


(d CD 


id a> 


td CD 


U C 


w c 


U G 


u c 


CD O 


CD O 


CD O 


CD O 


O XX 


a xi 




a xt 



Xi 
B 

o o 

-H O 

6 >i 

(d CD 

M c 

CD O 



to g 

o o 

•H O 

g >t 

cd CD 

n c 

CD O 



in 
o 



in 



tn 

CD 



tn 
in 



CM 
O 

u 

CS2 



O 

04 



-P 



o 
o 



CO 

o 

CN 







o 












• i-H 


• CM 


c • 








a 


o 






g ♦ 


g • 






X 


O X 


O X 




w 


KJ 


O &3 


a w 



-p 



O 
O 



O 

CM 



Qi 

g ♦ 
O X 



Of 



o 
o 



CM 



13 

0U 



o 

CD 



O 
CM 



O X 



co 

o 

CM 
tH 
< 



• in 
Qi 

e • 
o x 
a pa 



CO 

O 

CM 



» VD 

O X 

o w 



Reference Example 

55 

Evaluation was made on the performance of purifying exhaust gas from Diesel engines for the 
respective catalysts obtained in Examples 1 to 10 and Comparative Examples 1 to 6. 

Using a supercharged direct injection-type Diesel engine (4 valves, 2,800 cc) and gas oil with a sulfur 
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content of 0.47 % by weight as a fuel, the following experiments were carried out 

Each catalyst was attached to an exhaust pipe from the aforementioned engine, and durability tests 
were practiced for 300 hours under the conditions of full load at an engine rotation number of 2,500 rpm 
and catalyst inlet temperature of 600* C. 

s Thereafter, the contents of fine particulate substances in the exhaust gas before entrance in the catalyst 
bed (inlet) and after getting out of the catalyst bed (outlet) were measured using a conventional dilution 
tunnel method under the conditions an engine rotation number of 2,000 rpm, a torque of 8.5 kg*m, and a 
catalyst inlet temperature of 300° C to obtain a degree of removal of fine particulate substances, i.e., 
purification ratio (%). At the same time, analysis was made on sulfur dioxide, gaseous hydrocarbons, an 

10 carbon monoxide in the exhaust gas before entering the catalyst bed and after passage through the catalyst 
bed to obtain their conversions. 

Table. 2 show the results obtained. 
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56 Claims 



A catalyst for purifying exhaust gas from Diesel engines, having a catalyst component-carrying layer 
made of a refractory three-dimensional structure having carried thereon a catalyst component contain- 
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ing (a) a refractory inorganic oxide, (b) at least on noble metal selected from palladium and platinum, 
and (c) rhodium, wherein said rhodium is contained only in an upper layer portion of said catalyst 
component-carrying layer corresponding to no more than 80 % in thickness of said catalyst 
component-carrying layer. 

The catalyst for purifying exhaust gas from Diesel engines as claimed in Claim 1, wherein said catalyst 
component-carrying layer comprises a first layer contacting said refractory three-dimensional structure 
and a second layer provided on said first layer, said first layer comprising a first catalyst component 
composed of said refractory inorganic oxide (a), and said at least one noble metal selected from 
palladium and platinum (b), and said second layer comprising a second catalyst component composed 
of said rhodium (c). 

The catalyst for purifying exhaust gas from Diesel engines as claimed in Claim 1, wherein said 
refractory inorganic oxide is at least one member selected from the group consisting of alumina, silica, 
t'rtania, zirconia, silica-alumina, alumina-zirconia, alumina-titania, silica-titania, siilca-zireonia, titania- 
zirconia and zeolite. 

The catalyst for purifying exhaust gas from Diesel engines as claimed in Claim 1, wherein said 
refractory inorganic oxide is zirconia. 

The catalyst for purifying exhaust gas from Diesel engines as claimed in Claim 1, wherein said 
refractory three-dimensional structure is a ceramics foam, an open-flow-type ceramics honeycomb, a 
wall-flow-type honeycomb monolith, an open-fiow-type metal honeycomb, a metal foam or a metal 
mesh. 

The catalyst for purifying exhaust gas from Diesel engines as claimed in Claim 1, wherein said 
refractory three-dimensional structure is an open-flow-type ceramics honeycomb or an open-flow-type 
metal honeycomb. 
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